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(54) MULTIPLICATION REMAINDER CALCULATION 
DEVICE USING MONTGOMERY METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a calculation 
device which simplifies the constitution of a product 
sum circuit and permits pipeline processing and uses a 
Montgomery algorithm to quickly perform multiplication 
remainder calculation. 

SOLUTION: A product sum circuit 21 multiplies outputs of 
an A register 3 and a B register 4 and adds outputs of a 
c3 register 26 and a Y register 5 to the multiplication 
result. A product sum circuit 22 multiplies outputs of 
an N register 7 and an m register 8 and adds outputs of 
a c4 register 29 and the product sum circuit 21 to the 
multiplication result. Registers 26 and 29 for carry in 
two product sum circuits 21 and 22 are provided 
independently of each other, and carry is returned to 
the corresponding product sum circuit All the 
processing is performed in a processing unit (k bits). 
The next operation of the product sum circuit 21 can be 
performed during the operation of the product sum 
circuit 22. 
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^^D^^^fV^^:<0^^&±{!Lk tf S/ h t Tftk If 

V>^^£*£-Mik If* hirT&kJf y hirfc#ft 
Jft£-h& 1 tf y h t T& k tr y b t Kftft xmtl-r %M 

&*Mfrf5*3V5?^^fc x StliEinSlHlKOTfck tf y 

mh;*j&«#u ir!ESp^0K<D-t<ojifewi£i(DT«tktr 
j£c[>_Ltei tf y M&bfrftftU %imm\5}m<DZ<D]!k 

v\ 

SrfUJf U ■t<D*JI*£SteflriiiS& 1 «lnIfi]!^roT© k tf 

lWIE»i|Hil!SB» WE* 1 afoE^o k tr y h ffi* 
fcara»2«fnEI!S©Jtttktry hW*tWffi»7Wi? 

ic^Sftfcffi&flr*-*-* «fc 5 ItflWE L*:Hf#S 1 IE« 

3 ] ifttaifc i aftniKtt. me^ i &xm 2 

.i^*y-tc^S;tafc2*©gfjgtry bWtt§r*»U 
«WWIcSrffv^©«iMS*ft±ttk tr y > t T&k tf 



*l3tUf»2^i?^^t % mriE^2afo@SS©T{Sk tf 
?HBMft»U fi!ES&2«ft®8©^©&©lH]©T 

05 SJBI*©±ttk if y Ha*«M*U lHrSB»l«fiilE]|& 
©•£©&<D|5|©Jb&k tf y b mi) 4 l^;* 

(DT^=?y XAtCjJ ft 5^7^ -^©14*^1-^^6 
U'^^t, MfE!i?2«;fp[5]?gcD±ftktfy htHtl^ 
10 #U «tHEB2afPlHlK© ; e(0^(Dl5](D±ffilklfs/ htti 

ttreauwfceii&tiu mm%iRxf%2Ui?*?-\z&w 

v\ 

©BfJtif y Y<om.b mu%G Ui?*9\mftiSfr1i.mk 

20 y htil*SWfl(rtE*7 L-^^fC^^ttTtM^D^ 

yffi^ia^^ff^go 

[IS*^5] mflB^l«fo[H]^tt, mflE^iRt>*^2 
\sVXy-\~&$f£tltc2%l.<Dffife\fy hOtf***U 
25 ^©*©^l-SUfB^3 Vi?^^l!ifiW**t*:«O0fS 
try hOflftAlJlU ■?-©AD^*^ltH2^4l^v ? ^^ 

tc^§n/da^D^-rs «t 5 i-«^Lfcit *«4 laft 

30 ^**K{SM$£*vfc2&©m5£fcrs/ h©ffl^llU 
Bfft^y h©«S:ini3M-5J:5K:«j*Lfc«*«4|2ifc 

HBEOTttktry Kftt*SriD*U -t©*Bj|C8*{cWfa 
*7 W?J**KHW* $nfc{S*AP»i-5J; 3JJi1»^b^: 
40 »*«4|B«©*y=f7«'!>»lcJ;5*JWl!lA«-*3SjB. 
[It**8] mt&2ffim%\t, Me&%5l'i?** 

45 ®ftWDT& k if y h tati zuam-tz <t 5 khms bfc 

[ft*^9] WE»2«|pia(S|::j:5iR3l , t , l!:, ^SE 

50 mmm&Mw* 
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[is #g 1 1 ] strfs^ i «?n#&Ri*» 2 aft^ftjE 

fcox, &g*©±&W;££&g#©&©lE]© :3 f-Yy7 
12] it'GflS i8t?n#gfcRt>*$& 2 «fq¥§H:: 

m#9. 1 3 ] omits i sio¥sxt>*^ 2 a?p#s 

£|C20©kfcT y h &#i-5W* 

[oooi] 

A (Modulo Multiplication Without Trial Division, 
Peter L. Montgomery, Mathematics of Computation, V 
olume 44, Number 170, April 1985 pp. 519~528 # 

is) &m^xmm&ft#&&mzfi5nmM&9ir*m 

[0 0 0 2] 

[00 03] i*tfeOHH»c#UT»9tt«&J©/B Lfc 
*©*y M7— ^fct^X**too*)5 0 ^©E*t?^ 

I 

[00 04] *»(t**l4. tHMMf^KI: 



*s±-i?%im<w&%m\zm^xv§&i\: vxtsmcm 

05 t), g»t*ttiO«f*ii*'«V^TBff*X*tt#LT7cO 

[0 0 0 5] ^M^Bt-§-Stt v £m##£l»£ftTV^ 

[0006] m^mm^xn, mxtmm^ t SL^ 

*8ifttnAO^y h?-*©^ (n-1) /2<@ 

©*&T«ii©ia^ 5 ^-cfe?) t v> 5 {k&tfhZa 
[0007] — *\ ^mmm^xit, fiA* s srt5fc« 

iaflH-S4B¥^»LTtt, ^M«©gaMtr^tf^<, 
IMfftfe^fcRBLT, a— F©&M&£nl&£M$ 

fcaarsfcKUfc^-c*© f v vm* A^ v^cfe^fcs-f 

[0 0 0 8] ^fc, ^liE©^, 8H6««F€-9firf±, 

i^t^ay •y±-i?&EEJfa%mLx&!&mxm&tk u 

45 t*V^„ 

[00 0 9] r.©J;5 l-m!E^Ttt^MSiBt-§-^©ft^ 



- 3 - 
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X 5 K»^t>*Tfflv> t>tlZ>&&i*&V\ 
[0 0 10] &fflmm^r%k<D t PX, n#Mh : $t>t£h<D 
^1977^(cy tf^^- y (Rivest) , i/\ 5 T (Shamir) 
Jktf^ hVW>- (Adlman) <0=A{i<fc-cT^$iX7t 
RSABf-§-efc5o i©.RSAI^<D^j^gtt&cDJ: 

[00 11] (RSAOl*7;l/^!)Xi>) 

(e, N) fc*tjS-f-5«-*§^t (d, N) t^iS^T, e 

C = E (M) =M' mod N 
M=D (C) =- C mod N 

<BU d • e = lmod L CM { (p — l) , (q- 
1) 1 

N = p • q 

L CM : ft/J N <JM&$C (lowest common multiple) 
p, qtt*£ftfH«fc 

[0 0 12] a*, e, d, M, N^fjilOgi^J^ 
Srftffl L-~C & 1 BO R S ASIgT-^1500[5]ga(O#fi 

<fc 5 RSA Bg^-t^^gix5^gigiBt^(D»< -g _ 



mam 



[0 0 13] C ^J^S| ^ai ^^^^^^ ^ 



(^Vrf^ y OTyO^y XA) y <DT;l^ y X 

Aft, *J^^»N (N>1) i s *J^SNtS^^* 
-C&Sffi&R (R>N) »J^T^f> 

Srff 5T/ur/yXA-e&5 0 N, N' , R, R 

-^WTttSEft^fclJ, «3Rbfe«TttO ^T<R • N, 
R" l l^*<DfeN<0±T<DiS»R<O^TfcO, R • R 
_1 — N • N' =1 (0^R^<N, O^N' <R) COM 

fc^£5fcft, T-^TR-W NOff^COi^ig^^ 
mod NOT/V^yX^REDC (T) §r^-f 0 fRU T 

/u^yx^ifc*jv^T (T+m * n) /Rfi&i**]?)^ 

[0 0 15] (7/^'JXAl) T^TR^od. N<OT 
;^!JXAY = REDC (T) \*fo^?\thbii£ti 



\ M= (Tmod R) • N' mod R 
Y= (T+M • N) /R 
if Y^N then Y = Y-N 
\Y<N then return Y 



05 



10 



15 



20 



25 



30 



35 



[0 0 reTTERCTR^DC^tt^ SJ^Tmod NTtt4 
<TR" 1 mod N3P*ftbn5«rJ-C*5o iot, 
Tmod N ft 5 ft tt^JS ^Z^ J: ^ICREDC 
(T) ^^ft^ftTfeV^ g 2 mod Njj OgrC, f¥0R 
EDC&fT;UiftV\ 

REDC (REDC (T) V • (R 2 raod N) ) 
= (TR-'mod N) • (R 2 mod N) • R'W N 
= TR~ l -JR 2 • R-'mod N 
^==T mod^ 

[0 0 17] (REDC(D^fiffffim*S-s(Ott:35) ft 

»*0*N*fctt^R*#fl8«fiPt>#fi»flEr* 

SS^t-ov^T, REDC(07;v=fyXAS:«:Kt5 o 

*]&<0SsN, 3^R##*»«-C*5»&v R S DC<0 
(Tmod R) -N' Xtm- N<0»HIH[. #a»ax# 

X.A 2 Sr^"To 
[0 0 18] (T7VrfyXA2) REDC§r#Sf*a^ 

Mtfe7;^!JX^B»:tstJ: 5 fci.* D - 

T, s<7*-#N' , (H*«^Y#rtfttria»T, 
T- (t 

N' = (n y g . If 

R= r«, 

r =2 k 

L^SICJ: U TR- ! »dN X*»«fc Lt* 

[0 0 19] Y = T 
for j = 0 to g — 1 



t 0 ) 



r » 



,) 



y.) 



40 m=y 0 



, mod r 



N 



-N 



Y=Y + m 
Y = Y/ r 
next 

if Y^N then Y = Y- 
45 Y<N then return Y 

r^±5.wL-C»b*i/5TR^Bod Ni N ±iliUfcJ:5 
{C^ft^:ftTt5V^cR 2 mod N fc cO^T*l?r/RE D C^r 
ff5^fcfcJ:9, TR" J mod NSr*ft5r.i:as-c*5 0 
[0 0 2 0] (REDC(0^S»flE*»»iJ^(0ia;3R) 

50 REpc©r^yxA^a»ii*»iitejta-f 
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5 0 ±fS^T^=fyXAfc*3VN-C, A*T«O^T<R 5 f-^^>**T*5V^/cR 2 mod Nt^StfREDC 

T^ffiRA, B (OS A, B <N) W*aiSIRt?*>5w £ 0 

k##v\ ^o^, sssca, B^it^iitsM [oo 2 3i ^EDcomn&xmnmiBM^oi^ 

2|gl^oTU5o ^Tw-C. *»kREDCtSr^ n*m%.&t>KX?rz.Z> i5tt5R-T5o ^Oi^, ax 

5 58 L4^XT-*t;L 5 i 5 l-ttK LfcTA- =f y X A b t cDfr»95# tmx N^)ttl» k 5 ig Ltr* k 

[0 0 2 1] REDC£#fif|f** tUM-5k, ft 0 jS Ltf-*«Wfi: * S o 2 fflFJcfco 

»*J^feKLfcT/^yXAREpc (AXB) TL*5o -t^T, 2 o<Df|3i^--<£# !? S L/i— X 

"fcS^iSfcfcS. -'*3lt*5'2jRAi B, ^ ^x.S J: tt*om£&*sm-Cfo6 0 20 

A= (a rl , a s ^, a 0 ) r , 15 T^^!JXA4^to 

B= (b^, b^, b 0 ) r , [00 24] (r;^yXi.4) REDCSr^ffiax^ 

N / = <n' rlf n' r2 , n' 0 ) r , 3ft*— iHgUhTVl^y XAREDC (AXB) 

Y= (y g , y rl , y 0 ) r , ^J:5fc*5« *IH^5 2jRA f B, ^ 

R=r% n' , mAJflasfcy, *+y-ae»cdsftrtvi>rit»r 

r=2 k 20 "C. 

k&ht>$ftZ>m&, ftt-^f j = 0-g- ltf^ig A= (a rl , a^, a 0 ) r , 

UffiSfcitK ABR-WN^i»Sx*»g(Dtt B= (b^, b g _ 2 , b 0 ) r , 

gilT*»3Ctm5o N' = (n' ^, n' r2 , n' 0 ) r , 

[00 2 2] Y = 0 Y- (y,, y rt , y 0 ) r , 

for j=0 to g~ 1 25 C- (c lf c 0 ) r , 

Y =Y + A • bj R=r«, 
m=y 0 • n' 0 mod r r ~ 2 k 

Y==Y + m • N thbt>£tl, rJlUffO— WREfttapl, tmp2, tmp3, 

Y = Y/r tBp4t*r««^, jfcJ^-Ti, i^>«9igL»3ffifci*7 
next 30 AB R^mod NSr*«Kx*»jPOff^-e*fe5 - k ft 
if Y^N then Y-Y-N T^^ 0 

Y < N then return Y [00 2 5] 
r<0<t 5fcLT»feix5ABR- 1 Bod Nk* _B£Uh£ ^ 

Y=0 

for j = 0 to g ~ 1 

(tmp2, tmpl) r =y 0 + a. • b_j 
m = trapl • n' 0 mod r 

(tmp4, tmpl) r =tmpH-m • n 0 =*Tifo#}M 

( c i» c o) r =tmp24-tmp4 
for i = 0 to g — 1 • 

(tmp3, tmp2, tmpl) r =y i -f (c lf c fl ) r +aj -b } 

(tmp4, y w ) r =tmpl + m • rij ^7^1 

( c i> c o) r =tmp4+ (tmp3, tmp2) r 

next i • • 

< c i* c 0 ) r = (c lf c 0 ) r + y g 

y r i ^ c o 

next j 

if YkN then Y=Y-N ffilEiaa 
Y< N then return Y 
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[0 0 2 6] r^T, ( ) r tt, m%ifH<Dr it&llfr 
©SS££#fitt«i LT&5itSr^L-CV>3„ tm P 3, 

3 Y = Y/ r ©tgfgSrCttdJ; *) M^LLX 

7\ rtOilW/u— :/£ i /w-y-'i fl?0\ j y<Mhtbfr 
b i ^v— 7°*T<Sr=iTM^lS> i /V—y'ficD&gSraT 
Sa-S, i /v-— T'tDjS&fr t) b j ju—y'<omt> *) *T?£=i 

[0 0 2 7] ±&LfcT;l^JXA4©:i7'*!J 

«dn@^5i5.t/^«?nle]?g52t, *JM-S-#©*A: 
(a rl , a^, a 0 ) Sr«^5 A U i?X ? 53 
fc, ffe^1-<5-#<Di5cB : (b^, b^, 
b 0 ) &ftfiH-*BV$?**54i: % fJ&CD&N : (n 
rt , n rt , -, n 0 ) &#*W3NU2?**55i, 
p«fp|lIte52OHiA05Ti£k^y Ft*«t5YU^ 

57fc, a^ft@&51©ffi;ft<D_tft (k+1) tTyr-&I>* 

/3^fpie]s§52oa3^(7?±<ik tr> hfrAgM-s** y~ 

&®iR-fSj!liR|H]?&60i ^*-r-5„ 

[0 0 2 8] Sfc, a«?DlHl^51, 0 afn[n!K52(OrtSB 
«*SrBll2 (a) , (b) a^fnlHl2S51 
tt, A y-53£tfB l/-S?**54;J» b^Utf) 
3ktfy Mjsg3S5U k ITy MRJMS511 ©BAR 
Ifig&lHlSgeO (YVv^y-56) (Dmtl^1im-ri>2k^-y 

YMM%5\2 t, 2ktf;y K&g£&512 ©fflA&tKCVv? 
^^59©ffi^Sr*D^f 52k+l VyYimmsn kZft 

.*»feom*Sr*Hff-5k lfy r-JJs3¥3l521 ktfyr- 

[0 0 2 9] 013f3\ TfrJV XJ*4Z>xTjtD ! m.<Dft& 
53rottJ^ ai (k fy Ux?X#5A<D&f)h 

j (k^h) fcfcffcHU -t©*JBS*. (2ktr y 

M'.te* ilJR@E§60 (Yl^X*56) ©ffi^J (k tT-y 

h) ici/^^59<o{ii^ (k + i try h) fciinjl'-t 
-5 0 **J, iS^tsISgeOHU J.©lt£0£«rifcttU JO 
ita*o t? & 5 ifr&jcttoaffiiiaissi^oSrHiAU jo 
■ftttfS 0 TfJJe t BYl/ y" 56<D#HMi[ y , £ a ffi 

(2 k + i try b) ©±& (k + i) try hS:in#Ei» 



[0 0 3 0] /3^fPlHl^52F , 1{-T, NU^^55Wffl^J 
n, (kfyh) tml/^^570ffi^J (klfyh) t 
$r*J*U *©*JH8* (2 kl^y h) Id a^fDls3SS51 
a^bOTftk tfy htU^SrAD^-rSo 08ffn[§]?g52B:, 
05 '-t<D«JM£* (2 k ITy h-) ©±ftk fy r-£An||@?g 
58~.ffi2)U ^©Tftk try h£Yfv5xy-56^ Utfrt 
5 0 YU-^^56^ <&<Dk try h-CD^— ^SMKy,., 

[00 3 1] AP#tHl^58tt, oSffiU?IK51i»fcoai^ 

io (k+i try h) t $mfam^52^h<Diat) (ktT-y 
» kZmnU ^©JnJRg* (k+ltfyh) SrCW 

[0 0 3 2] 

15 i&mm&LXo k-tzmm] ±&v±£o1z®%<d 
lU-T'-efiii^ ci^^^59^bW^)$ttsifc 

^O^r+ !)— # (k+1) tfy ht'feUv -tOfc 
»«atfPEII|510Ui**S (2 k+1) tTybt/io-CL 
20 *oT*J'J, log^fpEK (a^fn|l]?S51) ©flf/fc 
Sr *«<bTT # 4 ^ t v ^ 5 & th 6 a 
[0 0 3 3] =5E-Yy-W-»SS-Cife*i0jHll!l58Hl 
fcV^T, *E«JtfflOdf-^y-#2'POoaffDlHlK5lX. 

T>* ^ afPi5iK52-T?ro^fitig*tc^v^-t:fl-S[ § tb5 

25 » v 2oi©SfP@^ (^»?DlelK52) TOSI^^T 
Lfcttiitf, *HI©loa©aidE!S (a«?P@^51) 

[0 0 3 4] *36ffltt»fA»5*«fJdB*'r<tSix*: 1 bO 
•30 -^fe*), loB«S[fPlfllK^©J*:|5lg|^o^r^y— §- 
k try h rtWD, «^®K©*j*Sr*»ti- 

S^t^-c#, rtl^<£t)DSP (Digital Sign 

al Processor) , 7^^D3y|>p > — 7%f<D^z<DV7 Y 

[0035] *&w<DtiL(DB m*. *+ y -©eae^«- 

aftlsJ i^t-;CO/i-— 7*f*ilc:^f ^ x.5.^iJ.^«t.D , 2-?»a 
Wg^TW^ggr^ALT^TXL. o^j?^_2^>Hj0affp 

[00 36] 

45 ymiz.£z?mm£U%ms. mi km) «, 

*Srm^©»*e*Sr±(fckify htTffik tTy 
50 l-#ttTm^-t-5!S2«fn[H]8fc, ip»«ilSrm^o 
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'SJM&*«rJb&i if? hbTiiLk \fy hbKftlfxmt) 
2U*/*?b. aWS»2 8»i0J6©T'ttklfy na^j*- 

k if y bHWj«:lMlW-.5i&4 Uv?*y-fc, 

JHlllS©±{!flri try KffiASr«WU WIBJP^tHl^ro^ 
<D&<Dl£l<0-k{4l tfy hffl^Sr*&^-r5^7 Vix^^fc 

<Dfi£&tfiWIE3?4 uv*#\z.&mztifc&&M&-rzi& 
*Srffv\ Mia^2«fn@^tt, tftiB&5 Vi?x?\c& 

KB, «riaj|Si«?p|HiB©±ffikkryM±j*fciriEjB2 
«fnIa]Ko±&ktfy MtJ*fcWE»7 w-s?x^jz:««r 

[0037] w*«2tJi«5^>=r^ ymzzzmsm 
B, flfttag i &t«e 2 9 tSKf^fc 2 »©gr£ 

^^Snfc&CDjjfftEtfy l-©fft&ill*U ^©Jpgife 
[0 0 3 8] Sf*^3lc«5*^^ yj£(-J;5^SiJ 
try h©4t«r*j*u toiIg*CSi[El4v^? 

[0 0 3 9] IS**4^5*V=rpt yfe{CJ;5*^*J 
&ff-&3£g (*2»|fl) B, ye>T^=7yXA 

ffV^©»JWS*Sr±<tkbTy htTfiLk f y hfc|C# 

JS*l"±fik tfyhtT^ktfy h b KfrtfXttitltZ) 

9S2mt®f&b* mtisnz2&£tem-zmiRtm 

2 vV-^fb, iftlB*2afflilHlBOTffik try hffi^Sr 
#J$U tirf2^2aiPlHli^<?5-?:<!9^cD@(^Tfi:k tfy h 
fflA*»*it5»3i/^^i: 4 WEfB l WfD0«SO± 
ffikf y MtiAfc««U «HE»lJ«ft0KO-tOfto 
[U©±&k try hffifl&tMM-filM i^?** s>j& 



WiB»2«|n@!S©±ffiklfy|>ajA*«l*U M 
!2^2^?a!Hl?S©^©^«lHlW±&k tfy hffl^Srfe^ 

■tz>m7i'-!?x?b*ffi?L. m&mimam&tz. mm 

05 0 1 8 2l/i?^^ JCflWSft*: 2 %C<Offife f y h O 
U *©*JWS»ctWESR3 f'^^ttiW* 
tf y h ©ftfttWWB* 4 1/^^ § 

*wfctt&in!r-t5JRW&fTV\ WE*2aiftiHiKtts lift 
K*llB*l«ftigi&©T«fck try btH^S0*tJiE^7 w 

[0040] m^5\cm^>=t^vm^t.i,mMM 

tf y h©ffi£*gU *W**fe*fc«|iBf(S3 Vi>*# 

20 «WSLfcr.fc«r#«i:-*-5. 

[0 0 4 1] HMSSeKiffiS^vrr* yj£(^J;6*»» 
jfelf-*§Sfttt» W##4te:j3Vvt\ tt£$l«frlBl% 
B N «fraESBl&V»2W'5?^*H:««fSixfc2»©@f3e 
*Ty h©fi£S@U *«5*#ig*lv«rtE»4 l^** 

25 fc^SHfc*$rill*U J t©*0$rfg*|cirtEi&3l<'i? 
^ ^ fcfiy* S Mm<Offife V y > J: 5 

[0 0 4 2] »*^7fc«5*^=f^ yj£icJ;5*^J 
Sfe«-^^»B, »*^4^*JV^T, SfJfBm2SfPlH]B 

b Atrial tc-R^ $ frfcffi t u -t ©* 

i afBiaBcDT& kif^uu ^ad» 

L, ^-©iD^*^SfflS^7 u^^(v»»$n/c«Sr 

35 [o ^^o 4 3] !S#^ 8 5SfeteJ:5*|nw 
^lf»^ffB, »*«4J?:*sv^ S5fa^2aiPlHlB 
B> fttrfam 5v^? I c&w tstitcWcomfc tyhOt 

40 o»3HS*Jc«rt2!IS Hgfn®g©T<4k i^y ha»«r* 
Utt- 5 i 5 L /c r b b -T 5 0 

[oo4 4] m&%9\m?>*^zf* ymzzzmgffl 

[0045] »*5iot«5*^=fp« y^isssJBH 
50 5»i«ffiJ*ai:, *v=r»y«jfe»3|[S:ff5»2lM 
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fp#giOA*fci-5*^S:*U M3a» 2 

WSrtf 5 IB, ME« l fgft¥©T-&©[Hl<0&ir&tT 5 «t 

3„ 05 
[0 0 4 6] IS#*SnmtSS^=0< y*femJ;3jfeir*J 

<5„ 10 
[0 0 4 7] »*^12^5*V=f^ j)ffiK:J:5*»ia 

5. 

[0 0 4 8] W#Jgl3m£S£*>-=0< y^tCiS^flJ 15 

[0049]Il *WO**«*^»3S«T?tt, 20 
Kl*HrvdS!Hfcfco-C^5 (k+1) fs/hcodr^y — 
SrJhtti if y h iTfik try htJc^BtU *©Tfl'k 

-tL-r > .^Yy-tHJ'fflo*nJHHliS^-*-. ^©*/& 25 

[0050] B2&m<z>mxm&w*&B-?ti* 20© 

Y=0 

for j = 0 to g — 1 

(tmp2, tmpl) r = y 0 + a i • bj 
m = tmpl ■• n' 0 mod r 
(tmp4, tmpl) r = tmpl + m • n 0 
(c2 , cl ) r =tmp2+tmp4 

for i = 1 to g — 1 

(tmp2, tmpl) r = y t + c 1 + a t • 
(tmp4, yj.j ) r = tmpl + m • n, 
( c 2 , c 1 ) r = tmp4+tmp2+ c 2 

next i 

(c2 , cl) r = (c2 , cl ) r 

y, =c2 
next . j 

if YSN then Y=Y — N 
Y < N then return Y 
^-T, ( ) r ft, Jgailrt©riI^cl«fOgg^#fi 

2 ttriMtllfr-CXAbTIr^^ rt*.ttl l^f h©fiff 50 



ss r* -c g #©»ft@&ic * -y y — zm-rm t -r a r. t 

HC-CV\5«t?, 2ogO^?olHlSS©t!ifft , (c:. l^>g 
[ 0 0 5 1] 

(fgllPJi) ioB©afS0J8^.©^-v!J-Srkify h 

(k+1) tfy b(D^^y-Sr±ftltfy b 
-fScl t LTioioaiPiHl^^MU -t CD-Mil 

tr* Hit 5 io©*+y-asRc2 fcb-c\ *+y~ 

[00 52] (7;U^yXA5) f|it5 2tA, B, 

A= (a rl , a ,-2> '"» a 0 ) r , 
B= (b rl , b^, -, b 0 ) r> 

N' — (n' > n ' *-2> ' "• n ' o) r> 

Y = (y f > y r n ■ "» y<>) T > 

R=r«, 
r =2 k 

i: *? £ *K rll tffCO— B^&tmpl, tmp2, tmp4, 
*+y-**cl, c2t.-f5»&,- *IC*f i, j © 
#y3SL^gHiJ;y ABR-'mod N^Wfx^M© 

[0 0 5 3] 



[00 54] @lll, Ji&LfcT/urry XA5©a7J5 



- 8 



1-2 1 2 4 5 6 



iaRW3!5iRU { »2aft|g|B2 *J*i-5-*ofS: 

A: (a,.,, a r! , -, a 0 ) Sr^i"5^ 1 US? 
h LT©A l^X* 3 k , ^-f-^-^O^B : 
(b rl , b,. 2 , -, b 0 ) Srfi*fi-5«2 US?^^ 05 
tLTOBl/v/^4t 1 S2^fPlH]^2(DAfl[51(OT{4 

5H3 t LtCY^^ 5 t, 

c 1 SrfiH*1-aaS4 US?** fc LT© c 1 VS?**r 6 

PJsk©}£N : (n w , n rf , •», n 0 ) Sr«» 10 

Riolfikify Mti^7, ^2^?nH]^2w±fiJ:ktrs/ 15 

[0055] ffiffmaasi, *2 gratis 2© 
wmti&W2. (a) , (b) i~£**h- 0 giumei 20 

Sltt, k tfy h*'J|£«101 fc2kf * h*D»«102 fc2k 

h*0#SiO3 «. k Ify h$#3il01 tt, 

AW^ ! }'3&OfBU-5?^^4d»fcOtaASr**U 2k 
tf V hMmm02 Hi, k tfy MftHSSlOl ©HiAfcBft 
Bllll (Yl^^5) ©fftftfctfnJFU 2k f y HAP 25 
■JHSI'03 ft, 2ktfs/ h*D^102 Om^t cl W-^^ 
6©a*fc*JPjt-r5. 02 (a) i^-t^^j 

X 5l-^o-CV^6*\ ^ftittjglc. 5fefCcl Ui/.** 30 
6©tH>tK *©*fcaftl§li&ll (Yl/^5) ©ffi2) 

[0 0 5 6]'*'2«fP|B|(5'2a' x Nl"^^ 7fitfmV 
klfs> h*g§S201 ©tt*JtlW(JlWftigiSl*»bOT 35 

fek tr j/ hota^^*n^i-52kvf j/ h*n»^202 t 

[0 0 5 7] E13tt, 7;V^!)XA503rjftI0rtt 
^3roffi^a, (ktfj/h) fcBUv : X^4©ttJ^b J 40 

(ktryb) ■fcSrJWru (2 kK>h) 

Y = 0 

' . j ■ ■ for j = 0 to g — 1 

(c3 , tmpl) r = y a + a . • b/ 
m = tmpl • n' „ mod r 
(c4 , tmpl) r =tmpH-m • n„ 
for i = 1 to g — 1 

( c 3 , tmpl) r = y , + c 3 + a, 
(c4 , y,., ) r = tmpl + m • n t 
next i 



\C % 58JRH1&11 (Y^?5) (DtH* (kbfyb) t 

ci vs?**6©tH;& (kf yb) t^in^So & 

*3, Sftlsl&im* j Offifc 0 t £ltt£U j (Dfff^O 
•C*>5»^fcH:|RiaftEWSl-0Srffi*U i ©it* 5 

(2 k f j/ h) <D_h&k try h SrAQglHlKlO^Hi* U 
■t ©T& k f y Y *m 2 mfn@?§ 2 ^m^-T So 

[00 58] »28ffiH3lS2rtlt-r, N1/^#7 0ID 
^3n, (ktTyh) tmV^^8(DUl^ (ktfyK) 
irSr^U *-©3&#*£& (2klfyh) giftSi 
lg|*l*»fe©ttlATttk tfs' HSrJD»i-5. ^2«?pIh1 
K2tt, *©*3WS* (2kifyh) ©i^ktfyhSr 
AD^Isl2Slo^m^ U '*©Tffik tfy hSrYi^^^ s 

[0059] mmmmon. mimnmt&ifrbomti 
tc2, i^^^g^fe^ai^ (ltr^h) t^D^-r 

5o ^LT, i*@Otf Mt Lt> ^©»»te* (k + 
1 h) (D±fill bfy hSrc2 , -?:©T 

[0 0 6 0] (^2*W) ^-rJ-JB©^^^*** 

5o i©T/V^yXA6Sr«Tl^i- 0 
[006 1] (7/W5XA6) *£i-52f&CA, B, 

, W^ffl^fcY^Mtttrii^^ 
A = ( a rl , a , ** * > a 0 ) r , 
B= (b rl , b^, bp) r , 

= (n' rl , n 7 ^2 » ***» n ' 0 ) r » 
Y == (y y) y r i » * ■ *» Yo ) r > 
R=r', 
r =2 k 

c3 , c4 l©*t»jgL«Ha 
lei*) ABR-W N§r^*S!|x^S©trWfc LT* 

[0 0 6 2] 



• bj 

37» 
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(c4 , c3 ) r =c3 + c 4 -i 

y r . = c3 

y, ==c4 
next j 

if Y^N then Y=Y— N 
Y<N then return Y 
[00 63] ®4tt, liLfcT^DXABOnTM 

3 a»lsij&2i2S.i«IS4 «?aiHl5^22 1 , m i i-^-r t> © t 

m%L<D$$l l'^? t LTCAV^^ 3, ^2 1^-^ 
* i: LT© 13 l/>^# t LT©Y l^v> 

X^tUCml/^^ 8&t>'jg#|HlKll£, *T V~ 

*Y!>-3afcc4 &ffcj§1-5f&7 W^^fcLt 
©c4 W*x*29i £#i-£ 0 

[00 64] fcfcV »3a*I@!S21 1 RO { JB4«ft@!S22 
©rtSMftStt, 02 (a) (c^i-^l^fp0^1(D^SB 

**101 fc2ktf y r-Au3l8ga02 fc2kfcTy HbD*&103 fc 

[0 0 6 5] H3^[fPtHlK21(Ok try hj££3lioi fi, 

3S.t>*Bl/v ; ^^4^f>OHl^^*»b, 2k 
try bJqJHSl02 «U k t^y hftggglQl ©fcHfti 
©SSll (YW^^5) coffi^tSr^U 2ktTy hM 
#35103 tt N 2ktfy h*D»3sl02 ©fctj^i c3 

26roffi^3tS:*P»:-t-2)o @2 (a) 

t?tt, JfeH^SKiliRlelgSll (Y^^5) ©ffi;?j£ 

z^izttoX^stK mt(4^ic v ^(^0 31/^^2 

£AD3f-i-3 J; 5 LX h \ 
[0 0 6 6] ^4«fPlHl^22cDk Ify h**SSlO 

U 2ktfs/ hjiD3¥Sii02 Ht % ktry h*#gioi <omi) 

fc»3«ft@iS2lA»e>©TfikCs'K0tti*t«IP* 
U 2ktTy r-;&q|?f2l03 » % 2ktTy hiPj|C»102 ©ft^ 
£c4 \si?X*290>mjJb&fa#-rZ>o &*>\ 02 
(a) fC^-tHlfigMTH, *^ife*tC^3iKft0?S21^ 

ttJBItv 5fe(cc4 1^**29©^ •?:©&(;:: 3 ffift 
0K2ia»fe<oTttk My hoffi**ipjrf 

[0 0 6 7] 0 5tt, 7;W!)XA6©37Mtf)rti 

^3<DtHt>& L (ktfyr-) b BUi/*? 4(Dmijb > 
(kkfyh) fcfcJR*U *©*JBS* (2kt 5 'H 
fc, SQUISH (DtH^j (kfcTyr-) t 



y« 

37W 



c3 l^*^©^ (ktfyh) i£*D#-f;5„ 
4b\ a&UKglltt* JOttfcOfc&JttfcU j ©ffl^O 
Tfe-5^-»-tt^3^|olil^2l-OS-ai^U j©«»s 
10 O^fcW^J'fifcf&S Y^^ 5©JS#Mir.y 1 S:i8|fD 

08S2i-m^-r2>o »3a*piiBg2m» *©a*a* 

(2 ktfyr-) ©_M&k K"y r-£c3 Uiy-^2^mt) 
3 l>$?**26fj, -©k hfy r-£#t[Hl©}f^/B©*-r >> 

is -asfct l-c»*m-*. 

[0 0 6 8] ^4^H]^22rttCT, NWv?X? 7 ©Hi 
^Jiii (ktfyr-) tm^?8©HiAni (kty 
h-) fcSr**U (2 ktfyr-) |c % ^3 

9ffiilSI!S2id»6>©T{S5ik try Hii*Srio3fi-5. !&4^ 

20 ?P(Hl?S22tt v -t©fcJM£* (2 ktfyr-) ©±&k try 
h£rc4 U^^29^ffi*U ^©T&k My h%YU 
^^S^ttJ^-TS. c4 US?*^29»J, ^©kfyh 
^|5]©^ffl©=3r^y-3gfct UT*&i^1-5o */c, 
YW-^Sfi^ Wkt y r-Wx-^iHiy,-, iL 

25 ri&Wi- 5. 

[0 0 6 9] H6t±, y*u:J:s*iHi!isSfe«ka 

S^/cSo j ^©l*3fflS-Ctt, AXbjMmXN 
30 ©^*«ftx^S©^*#^^T^.5o 

fl N AXbjSt>*mXN©^»tt«X*ifSg(DH-#S:JP 

-^©rtgBTtta, Xbj tmXn, t ©SS^m^Srfif 

35 [0 0 7 0] *235Wfcj3ft53E4«A#Wte-o 
V>"CaW-ra. KTOMttt, N, A, B©rTyhSSr 
1024 tfyh, g=32, ^a^filLk=32 x R=2 102 \ r 

[00 7 1] (artM&S) 0 7 tt, 3Trt«a*^T5 
40 «^©-M^-f-0T$)5 o 31(l^-^=f^ Uff^Lffl©^ 

2i©m^jt ui>*9*\<o\&j3b*m£-rz>fmiBV&xh 

[00 72] rronTntl^aT-tt, 37*IfMf5 
45 c3 ^^^26, c4 l^^^29XVraVt?^^ 8 ©^ 
J!IMfc8r^ToTV^a l , ^3^|PlH]K21tt, Al/i?X 

©*^*tYL-v'^^5^P ) ©A7jy 1 iSrAnSf-T 

50 3Efc-t©g»4:Oi:S:io*i-5 0 -t LT, 3g*©±ffi32 
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^fplal^2l b /<7 * —9 mSrim-^2)/cfe ©Sg[E]&32 
iWti^-fS,, *g[3?g32fij, ^3^|alH]gS21C>lli^i: 

[00 7 3] f? 4 ^13822^ Nl/^^7^fc(DA 

i: SrJDjfrrS. %hX> &*©±ft32trs- }>£c 4 Wi? 
^^29IC»*W-a. T&32fcT y M3ft/BL*V>. 
[00 74] (37M) 0 8 fii, i /W-7*rtgB^ST 

•*ffli"^#tr*5. jW?HH8llfii, (T/t^-yXA 
3) tY=0<0^1lcffiSt5fc©t&5o 
[0 0 7 5] ^3^fD(Hl^2Itt, *"f, Al/->^;?3, 

fi32tfy hSrJIS4apftj|aIlS22^iaA-*-5. 
[0 0 7 6] ®4a?0lH^22(±, £T, NUi/Xflfr 

iJD»*Smfcc4 VS?.^*29C|([i:SrlDW-t-5. Lt, 
*SS©-bft32tr y b£c4 V^^29^fe^L, T&32 
\fy h^YV-^?S(Dy w KlfcifrrS. (77V =*y 
XA3) ©Y = Y/r ©*&!!&, i0g ©«"!?&*§: y 

[0 0 7 7] (aTStfO-S) 09fii, a7»lJ:ff5 
^(D-M^-tElT-fcSo 33fi±c3 Ui/X?26<Ditij] 

tc4 i^**29©m7jfc®^[H)i&ii©ffi;ofc£Wi- 

1 fcJfc&U 0TNfctU20£, lTfcnfifl&\ YW? 

[0078] roaxfciaa-etti ^r^g^T^©* 

+ ^£c3 , c4 ©fflKD^gSTfiro-O^o c3 1/ 
V > X?2G, c4 Vi?X^29(OitJiTJ«Y V-i?^.^ 5*^fc(D 
A»y»*inJHB|tt33irA*U, ^rOAn^^SrYVi? 

f b LTYVS?** S Oy^m^j-f 5. w 

~~C, BJ*i»fet>*>*»«-J:'5l^ y^ffiriYUi?** 
5 Ttt32f s/ h t U-C&t>iXTV>5*s, HESfii 1 try h 
©*T*>5©-C, Jb0jMg*tt321fy n-*+y-o«H 

[0079] (0t»@%o«^) Biota, i&om&w 

fit, £T©#yg]ii&$r32f j/ H-&5±?f-«J5£LT^ 

5o aiDia^fii, lmowy hmnmik, 4{g©32 



tTyh*l*»42, 43, 44, 45 i £^3,, 
[00 80] A, B(OA*ffl«32tf y h*JHS41-?*39 
$tt. ifi^tfy h fcT&32trs/ bt©2OTtt};0£;h, 
5 0 32tfy M)nJ|3g43fiJ, 32tTy hS8j«Nl©m*Ttt 
05 32tTy btAAR©«tfc£Jta*U *<0iBJMg£©BJ;fr 
32 If y| £32 tfs/ h*D^45— , 3r-f JJ -S-32tr S ' WD 
IS42^^tl3At5. 32tfy h*U»«42fi±, 32 If 
2/ b**3&41©Hi;&-bffi32K'5' bt32\fy hJ)D#g§43© 

[ 0 0 8 1 ] 32 f y bMWZ£45t£y 32\?y bMM$&i3<D 
y hfitflffiJEHS&OLlfiA (TWtTyh) t/it), 3r-y 

is y-tt32f s/ hin3Hi44^m***t5. nt?ybtow& 

44(4, 32tf S ' h*P^42tDffl^t32tr5' h*0*Sg45(O=¥ 
«;fD[E]8©Hf±}7J (±&321fs/h) 
20 So 

[00 82] fc*S, *5g?^©*^*J^ff-*^@f4, 

5 0 

30 [0 0 8 3] 

T%W©a*l] ^±lftW Lfc J: 9 1^, Hi, %2?tW\z. 
£T©&a£&S¥&rtTfr;L5©-e, DSP, -^W ^ 

35 l^44o 

[0 0 8 4] Sfc, KS2 5IWfcJ:ntf, 

40 [BiB©ffi¥feR9n 

[mi] *5gBj©*»fij^n-^g ©^ 

45 fft93®T4>-5„ 

[04] *^©*^»^tt-^g (*2*W) ©«^g 
[05] *^©*^*J^ff^g (%2&W) <DWiYf 

50 [06 ] *>-=r> y felt J: a 
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[0 7] 37M^5/cW«0Tfe^ o 


4 




[ins] *Tmm%ftotc&<DMfmx~&z 0 
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[09] r2T^aSrtr5fcfeco«^;0Tfe^ o 


6 


cl l/v?^^ 


[010] «fP0&O«/&0Tfc5 o 


05 7 




[011] fi§*^^*J^^fi^«^0T*>^ Q 
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[012] ««@g^)WCfc5o 
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[013] ^*O*^*J^^g«(D«)^^0-Cfc 


10 






21 
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26 
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29 


c4 l/^^ 
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